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We emphasize the importance of identifying non-exotic 5L'^fl(3) partners of the 
0+ pentaquark, and indicate possible ways how to do it. We also use the soliton 
picture of baryons to relate Reggeon couplings of various baryons. These relations 
are used to estimate the ©+ production cross section in high energy processes. We 
show that the corresponding cross sections are significantly suppressed relative to 
the production cross sections of usual baryons. Finally, we present spin non-flip 
' form factors of the anti-decuplet baryons in the framework of the chiral quark 

^ l' soliton model. 

Oh: 

i 1. Introduction 

The first independent evidence for the exotic baryon 0+ with strangeness 
. +1 in 7 ^^C ^ and if+Xe ^ reactions, followed by important confirmation in 

^ I about ten experiments by spring 2004 3,4,5,6,7,8,9,10^ urge us to take a fresh 

look at baryon spectroscopy. We still know rather little about the proper- 
ties of the exotic 0+, even its very existence is not yet firmly established, 
see the null experimental results References to other unpublished no- 
sighting results can be found in Refs. ^"^'^^ . In Refs.^^'^'* it was suggested 
that the contradiction between pro and contra experiments is due to a 
particular production mechanism of the 0+ through a decay of the cryp- 
toexotic A^*(2400) resonance. Additionally, it was demonstrated in Ref.^* 
that the limit put by the BES collaboration on the 0+ production in J /ip 
decays is considerably higher than one may expect. 

In this contribution I am neither going to review the ideas which lead 
us to the prediction of the 8+ nor account for various theoretical ideas 
about the possible nature of the exotic pentaquarks. For the former I can 
recommend the reader the talk by D. Diakonov at the APS meeting For 
a review of other theoretical ideas see the contribution by K. Maltman to 
this conference Here I intend just to stress the importance to search 
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for non-exotic (cryptoexotic) flavour partners of the 6+ pentaquark. As 
an original contribution, I have decided to include my notes written in 
1997. These notes appeared as the result of the discussion with J. Bjorken 
and J. Napolitano of the possibility to search for the 6+ in the LASS 
data . Probably today these calculations can be useful to explain why the 
production of the 0+ is suppressed in some of the high energy experiments. 
Also I include my old notes on the vector and scalar form factors of the 
anti-decuplet baryons, which can be helpful to understand better the anti- 
decuplct baryons as they emerge in the chiral quark soliton model. 

A very important point is that the discovery of a baryon with positive 
strangeness would imply the existence of a new flavour multiplet of baryons, 
beyond the familiar octets and decuplets. The exotic baryon has always to 
be accompanied by its siblings. The minimal SUfi{3) multiplet contain- 
ing pentaquarks is the anti-decuplet of baryons. A multiplet containing 
pentaquarks should also contain baryons with non-exotic "3-quark" quan- 
tum numbers. In the case of the anti-dccuplct these are: the isodoublct of 
non-strange "nucleons" and the isotriplet of 5 = — 1 S's. Are they found 
among already known baryons or should we look for new states? How to 
reveal their hidden exoticness? In our view it is very important to identify 
the non-exotic partners of the 0+ pentaquark in order to understand its 
nature. 

To do this one can employ 1) symmetry rules dictated by the flavour 

SU{3), 2) the dynamical picture of the anti-decuplet baryons. Surprisingly, 
this topic has not been discussed sufficiently in the literature, although it 
is as important as the pentaquark itself. Certain studies have been under- 
taken in e.g. Rcfs. i9'20,2i,22,23,24_ Qj^g q£ ^jjg striking properties of the 
nucleons from the anti-decuplet is that they can be excited by an elec- 
tromagnetic probe much stronger from the neutron target than from the 
proton one Sensational evidence for the nucleon resonance with such 
properties and in the expected mass range 21.22 j^^^g reported at this 
conference by V. Kouznetsov Further evidence for this state has been 
reported by the STAR collaboration It could be that for many years we 
have been overlooking a narrow nucleon resonance with the mass around 
1700 McV! This could be possible due to the unusual properties of this 
resonance inherited from its anti-decuplet origin. It is expected ^^'^^ that 
the nucleon from the anti-decuplet has a rather small coupling to the wN 
channel, with the preferred decay channels such as nnN, rjN and KA. The 
existence of such nucleon resonance can be clarified relatively easily with 
such machines as CEBAF, MAMI, ELSA, etc. As to the S's from the anti- 
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decuplet, they are also expected to be relatively narrow, as it follows from 
the S't/fl(3) rules. Such states can be searched for in high energy collisions, 
although the corresponding production cross section can be rather strongly 
suppressed, see the next section. 



2. Reggeon couplings from the chiral soliton picture 

Here we derive the relations between Rcggcon couplings to various baryons, 
including the exotic pentaquark 6+. Such kind of relations are useful for 
estimates of the production cross sections of baryons in high energy pro- 
cesses. We apply these relations to estimate the 6)+ production cross sec- 
tion in the reaction K^p ''^j-a^t^^ ^ ^/o,*;-^^^"" ^'lab = 11-5 Gcv/c. 
The corresponding data were collected by the LASS collaboration, see e.g. 
Ref. 

We restrict ourselves to the spin-flip-dominated production reactions: 

• 7r~p n^n, 

• n+p 7r°A++, 

• TT+p^ K+T,*+{1385), 

• K+p 7r+e+ , 

Other spin-flip-dominated reactions can be related to these by the (broken) 

SU{5) relations for the Reggeon couplings, which are known to work well 
(see Ref. ^^). In the chiral quark soliton model the low- lying baryons are 
different rotational excitations of the same object. This enables us to derive 
relations between spin-flip Reggeon couplings in the above list of reactions. 
We shall check the relations between Rcggcon coupling from the chiral 
soliton confronting them with the data on measured reactions from the 
above list. These relations can be used to estimate the production cross 
section of the exotic 9+ baryon, say, in the reaction K~^p — > ttj'^^^Q'^ — > 

We consider here only the spin-flip dominated reactions, since our objec- 
tive is to estimate the production cross section of the exotic 9+ baryon in 
the reaction K~^p 7r"'"9"'" which is obviously spin-flip dominated (the spin 
non-flip part is zero for transitions between baryons from different SU{3) 
multiplcts, this was confirmed by experiment: the spin non-flip part of the 
amplitude of, say, 7r+p if+S*+(1385) and Tr+p tt^A^^ reactions is 
negligibly small) . The smallness of the spin non-flip part of the amplitude of 
the reaction Tr~p n^n is related to the large isovector magnetic moment 
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of the nucleoli. 

The soUton-Reggeon coupling can be written in terms of the rotational 
coordinates R of the baryon as (for notations see Ref. 

1 ^ , 1 _ p-iva{t) 

3wo -Tr(i?tA'"i?A3)y^ • — j— . (1) 

2 sin7ra(t) 

Here a{t) is the corresponding Regge trajectory and index m denotes the 
flavour of the leading meson on the corresponding trajectory (p, K*). 

In the next-to-leading order we have to add to eq. (1) collective operators 
depending on the angular momentum J^. The corresponding operators have 
the form : 



-iSwi ■ -d3a/3Tr(i?tA™i?Ac«) J/3 



V-a't 



1 



-i7Ta{t) 



(2) 



sin7ra(i) ' 

where date is the SU{3) symmetric tensor, a,f3 = 4,5,6,7 and Ja are the 
generators of the infinitesimal SU{3) rotations. 

Sandwiching cqs. (1,2) between the rotational wave functions of the 
initial and final baryons (the explicit expressions for the corresponding wave 
functions can be found in Appendix A of Ref. ^^), one gets the following 
expressions for the Bi ~^ J52 + Reggeon vertices in the reactions listed above 
(we omit the kinematical factors): 



p pn 



7y/2 
~30~ 



p+pA 



++ 



(3) 



(4) 



(5) 



-i3G 



10 



30 



(6) 



Februciry 7, 2008 10:54 Proceedings Trim Size: 9in x 6in 



polyakov'04 



5 



Here we introduced the following coupling constants: 
Grio = Wo - -jWi , 

GjQ = Wo+Wi + ^W2 . 

The constants Wi can be estimated using the measured high energy 
processes. We shall be interested in the ratios of various cross sections, 
therefore for us here only the ratios of these constants are relevant. The 
structure of the collective operators (1,2) is the same as in the case of the 
axial and vector currents. The analysis of the corresponding axial and 
magnetic constants ^^'^^ indicates that the ratios ^1.2/^0 are negative. 
Model calculations confirm the negative sign of 101^2/^0 and give the 
following values: 



— =-0.35 ±0.1 — = -0.25 ±0.1, (7) 

Wo Wo 

where the errors are added by hands simply on the basis of our working 
experience with this model. It should be mentioned that the non-relativistic 
quark model (which, to some extent, can be used as a guiding line) predicts 
wi/wo = —4/5 and W2/W0 = —2/5, which is in a qualitative agreement with 
a more realistic calculation in the quark soliton model. Amazingly, though, 
these ratios produce exactly zero Gyg- At the moment we are unable to 
point out the deep reason for such cancellation. 

Using the equations derived above we can obtain the relations between 
the cross sections of different spin-flip dominated reaction (the list is given 
at the beginning of the sc;c;tion). In doing this, we shall assume that 
these reactions are dominated by the one Reggeon exchange {p and K*- 
trajectories). The first group of relations is simply the SU {3)fi relations 
which are known to be well reproduced by the experimental data. Given 
this fact, wc shall not discuss this group of relations. The nontrivial pre- 
diction of the chiral quark-soliton model is the relations between the high 
energy reactions which involve baryons from different S't/fl(3) multiplets. 
These are (for the same incident piab): 



cr(7r+p^ 7rOA++) _ 60 
a{Tr~p TT^n) 49 



{wo 



km? 



{wo - ^Wi - J^W2) 



(8) 



Februciry 7, 2008 10:54 Proceedings Trim Size: 9in x 6in 



polyakov'04 



6 



a{K+p^ n+&+) cr(if+p-> 7r+e+) 3 (^o + + 5^2)^ 



o-(7r+p^ if+E*+(1385)) a{K-p ^ tt-Y,*+) 4 (^o - iwi)^ ' 

(9) 

All other relations can be obtained with the help of the (broken) SU{3) 
relations and hence they arc trivial. Eq. (8) can be confronted with exper- 
iment, whereas eq. (9) is the prediction. Let us note that the first equation 
in (9) is a consequence of the assumed exchange degeneracy of Regge tra- 
jectories. The exchange degeneracy is in general violated, although not 
very strongly; for a rough estimate of the 9+ production cross section it is 
sufficient to assume the exchange degeneracy. 
Using the estimates (7) for wi^2 we obtain: 

(10) 

We see that this number is not sensitive to the uncertainties in the deter- 
mination of wi,2- Let us compare this prediction with the data, Ref. 
gives: 



dt — i — ^ = 87 ± 4 /ibarn , (11) 



/o dt 
at p\ah = 5.9 GeV/c. The A++ production experiment gives: 



L 



dt dajn+P^-^^^^) = ± 13 ^barn , (12) 
/o dt ^^ , \ ) 

at piab = 5.45 GeV/c. This cross section can be rescaled to piab = 
5.9 GeV/c using aiw+p 7r°A++) ~ Pi";^'^^ Eventually we get: 

^—^ ^ = 1.35 ± 0.15 (expt. at puh = 5.9 GeV/c) , (13) 

a{n~p 7r"n) 

in a good agreement with our prediction (10). The agreement is even better 
for experiments at higher energies. The value of ^(Tr+p 7r''A++) = 
44.8±7 jd barn measured at piab = 13.1 GeV/c being divided by a{TT~p 
TT^n) = 36 ± 2 /xbarn measured at piab = 13.3 GeV/c gives: 

^ = 1.2 ± 0.1 (expt. at piab « 13 GeV/c) . (14) 

a{Tr~p —> TT^n) 
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We see that the chiral soliton model successfully predicts non-trivial rela- 
tions between Reggeon couplings to baryons from different multiplets. 

Given this success, we turn now to the estimate of the a{K~^p tt+G"*"). 
Prom eq. (9) and the estimates of wi,2 (7) we get: 



ain+p^ K+Y.*+ {1385)) (j{K-p t^-T.*^ 

we see that in this case the result is very sensitive to the uncertainties of 
w\^2 due to the deep cancellation of these constants. With the present state 
of art we can not say precisely how deep is this cancellation, but in any 
case we can conclude that the suppression is rather strong. Wc note that 
the estimate of the ratio (15) on the upper side of 0.25 is really the highest 
number one can get, whereas on the low side the cancellation can be much 
deeper. 

In order to estimate the absolute value of a{K^p 7r+6+) at p\ah = 
11.5 GeV/c 1^ we need the value of a{7T+p K+ 11*+ {1385)) or a{K-p 
7r~S*+) at the same p\ah- Fortunately these cross sections were measured 
exactly at p\ah = 11.5 GoV/c with the results 

a{7T+p -> if+E*+(1385)) « 8 /ibarn, 

and 34 

a{K-p 7r-E*+) w 10.1 ± 1.1 /ibarn. 

A slight difference in the above two cross sections is related to the violation 
of the exchange degeneracy of the K* and K** trajectories. From the above 
data and with the help of eq. (15) we get the estimate: 



a{K+p ^ 7r+e+) w 0.5 ^ 2.5 /ibarn . (16) 

We see that the 6+ production cross section is rather small. 

Let us note that the above estimate of the 6+ production cross section 
should be considered as an order of magnitude estimate (up to a factor of 
2). In the course of derivation wc have neglected: 

• The violation of the exchange degeneracy of the Regge trajectories. 
This could give an uncertainty about 20-30%. 

• The mass dependence of produced particle on the Reggeon pa- 
rameters, e.g. we take the scale parameters so, the parameter in 
the Reggeon residue, etc. to be universal (= a') following the 
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Veneziano model pattern. This could give an uncertainty about 



Further we note that the estimates of Reggeon couplings presented here 

can be used for the calculations of the 0+ yields in inclusive high energy 
processes such as pp 6+X, especially in the triple Reggeon limit. 

3. Vector and scalar form factors of the anti-decuplet 



Here we consider baryon spin non-flip form factors of exotic anti-decuplet 
baryons. We give relations between various form factors in the chiral quark 

soliton model neglecting the S'f/fl(3) breaking effect, since our aim just to 
get an idea about the qualitative behaviour of these form factors. The 
effects of symmetry breaking can be easily added. We introduce notations: 



where / denotes quark flavour, F = 70 or F = 1 are the Dirac matrices 
corresponding to the spin non-flip vector and scalar form factors, t is the 
momentum transfer squared ^. In the chiral quark soliton model one can 
write a universal operator in the collective coordinate space^. This operator 
can be parametrized in terms of three universal form factors. Therefore we 
can relate (t) for baryons from various multiplets. Let us just list some 
of these relations: 
Octet baryons 



30-40%. 



baryons 




(17) 




(19) 



(18) 



_ _ pip) _ piP 

^ u ^ u T ^ d ^ s ^ s ^ d 

pis") _ pip) piS°) _ pip) pis") _ pip) 



(20) 
(21) 



"■We do not specify F in the form factors as the relations presented below are fulfilled 

both for vector and scalar form factors. 

''Its form is similar to the mass operator written in Ref. 
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Anti-decuplet 



p(e+) _ 




7Fif)) 


(22) 


^ s 


l(_2F(^)_2Fi^) + 13Fi^')) 




(23) 


F^p') - 

u 


l(8Fi-)+8FW-7FW) 




(24) 


p(p') — 

u 






(25) 


pip") — 


4 ^ 




(26) 




l(8Fi-)+8FW-7FW) 




(27) 








(28) 


^ s 


^(8Fi^)+8F(^)-7Fi^')) 




(29) 



All other relations can be easily obtained with the help of the U-, V- and 
isospin symmetries. 

The detailed analysis of the above relations will be presented elsewhere. 
Here we just note that, if we neglect the strange form factor of the proton, 
the typical radius of the 6+ is + r^. Here „ are the electromagnetic 
radii of the proton and the neutron. In other words, it seems that O"*" is 
a compact object. For instance its electric form factor is given in terms of 
the electric form factors of the nucleons as (t) = + G% — (we 
remind that the breaking of the SU{i{3) is not taken into account). It is 
also very interesting that the strange quark distribution in the anti-decuplet 
nucleon follows (up to the factor 5/4) the distribution of the strange quarks 
in the usual nucleon, suggesting that the additional s and s in the p* "sit" 
close to each other. 
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